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7KH WXQQHO DQG WKH EXLOGLQJ KDYH EHHQ PRGHOOHG E\ QRGH EHDP HOHPHQWV DGRSWLQJ D OLQHDU YLVFRHODVWLF
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$VUHJDUGVWKHERXQGDU\FRQGLWLRQVYHUWLFDOGLVSODFHPHQWVKDYHEHHQSHUPLWWHGWRWKHYHUWLFDOERXQGDULHVRIWKH
VRLOGHSRVLWDQGLQDGGLWLRQWKHWZRYHUWLFDOERXQGDULHVKDYHEHHQIRUFHGWRKDYHHTXDOGLVSODFHPHQWVLQWKHKRUL]RQWDO
GLUHFWLRQ >@$W WKHEDVHRI WKHGHSRVLW RQO\KRUL]RQWDO GLVSODFHPHQWV KDYHEHHQSHUPLWWHG0RUHRYHU WR OLPLW
DUWLILFLDOSKHQRPHQDRIUHIOHFWLRQDQGUHIUDFWLRQRIVHLVPLFZDYHVDWWKHERXQGDULHVWKHYHUWLFDOERXQGDULHVRIWKHVRLO
GHSRVLWKDYHEHHQORFDWHGDWDGLVWDQFHHTXDOWRWLPHV%ZKHUH%LVWKHEXLOGLQJZLGWK7KHKHLJKWRIWKHVRLOGHSRVLW
LVPDFFRUGLQJWRLQVLWXWHVWV)LJ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7KHHOHPHQWVL]HDGRSWHGKDVEHHQFKRVHQLQRUGHUWRHQVXUHWKHIROORZLQJFULWHULDLHIILFLHQWUHSURGXFWLRQRIDOO
WKHZDYHIRUPVRIWKHZKROHIUHTXHQF\UDQJHXQGHUVWXG\HJIROORZLQJWKHSULQFLSOHWKDWWKHHOHPHQWVL]HPXVWEH
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HIILFLHQWPRGHOLQJVLPXODWLRQRIWKHVRLOFORVHWRWKHVWUXFWXUHWKHUHIRUH
D ILQHU GLVFUHWL]DWLRQQHDU WKH VWUXFWXUH DQG WKH WXQQHO KDV EHHQXVHG$FFRUGLQJ WR D QR VOLSK\SRWKHVLV D VROLG
FRQQHFWLRQEHWZHHQWKHVRLODQGWKHWXQQHOKDVEHHQDVVXPHG
,QDGGLWLRQ WR WKHV\VWHPGHVFULEHGDERYH LQRUGHU WRDQDO\]H WKH LQIOXHQFHRI WKH WXQQHODQG WKHDERYHJURXQG
VWUXFWXUH RQ WKH VHLVPLF UHVSRQVH WKUHH RWKHU FRQILJXUDWLRQV KDYH EHHQ PRGHOHG RQH UHSUHVHQWV WKH IUHHILHOG
FRQGLWLRQVWKHVHFRQGRQHLQFOXGHVRQO\WKHWXQQHOWKHODVWRQHLQFOXGHVRQO\WKHDERYHJURXQGVWUXFWXUH
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7KH5D\OHLJKGDPSLQJIDFWRUVĮDQGȕKDYHEHHQFRPSXWHGDFFRUGLQJWRWKHIROORZLQJUHODWLRQV>@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Ȧȕ 'ȦZKHUH'LVWKHGDPSLQJUDWLRDQGȦWKHSXOVDWLRQ
$OOWKHDQDO\VHVKDYHEHHQSHUIRUPHGLQWZRVWHSVLQWKHILUVWVWHSDVWDWLFDQDO\VLVKDVEHHQSHUIRUPHGVWDWLFVWHS
FRQVLGHULQJVWDWLFYHUWLFDOGLVWULEXWHGORDGVDQGFRQFHQWUDWHGIRUFHVRQWKHEXLOGLQJGXHWRGHVLJQVXUFKDUJHVZKLOH
LQWKHVHFRQGVWHSWKHHDUWKTXDNHLQSXWPRWLRQKDVEHHQDSSOLHGDWWKHERWWRPRIWKHPRGHOG\QDPLFVWHS0RUHRYHU
ERWKIRUWKHVWDWLFDQGIRUWKHG\QDPLFVWHSVD³PDVVSURSRUWLRQDOORDG´KDVEHHQDSSOLHGWRWKHZKROHV\VWHPLQRUGHU
WRWDNHLQWRDFFRXQWWKHJUDYLW\ORDGV
5HVXOWV
7KHVHLVPLFUHVSRQVHRIWKHLQYHVWLJDWHGIXOOFRXSOHGV\VWHPLVSUHVHQWHGLQWKLVSDSHULQWHUPVRIDPSOLILFDWLRQ
UDWLRVDQGIUHTXHQF\FRQWHQW)LJDVZHOODVLQWHUPVRIEHQGLQJPRPHQWVLQWKHWXQQHO)LJ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)LJXUHDVKRZVWKHFRPSDULVRQEHWZHHQWKHVHLVPLFUHVSRQVHREWDLQHGE\WKHFRQILJXUDWLRQVDQDO\]HGLQWKLV
SDSHUVHH6HFWLRQDQGE\XVLQJRQO\WKHLQSXW1R7KHVHLVPLFUHVSRQVHKDVEHHQHYDOXDWHGDORQJWKHDOLJQPHQW
$%&'ZKHUHSRLQW$LVWKHQRGHORFDOL]HGDWJURXQGOHYHOSRLQWV%DQG&WKHQRGHVORFDOL]HGDWWKHWRSDQGERWWRP
RIWKHXQGHUJURXQGVWUXFWXUHUHVSHFWLYHO\DQGILQDOO\SRLQW'LVWKHQRGHORFDOL]HGDWWKHEHGURFN7KLVILJXUHVKRZV
WKHDPSOLILFDWLRQ UDWLRVSURILOH 5D] IURP WKHEHGURFN WR WKHJURXQG OHYHO LQZKLFK5D LV WKH UDWLREHWZHHQ WKH
PD[LPXP DFFHOHUDWLRQ DW WKH GHSWK ] DQG DW WKH EHGURFN UHVSHFWLYHO\ ,W LV SRVVLEOH WR REVHUYH LQ WKH IUHH ILHOG
FRQGLWLRQVDQDPSOLILFDWLRQUDWLR UHG OLQHHTXDO WRPHDVXUHGDW WKHJURXQG OHYHOZKLFK LV WKHKLJKHVWYDOXH
DPRQJWKHDQDO\VHGFRQILJXUDWLRQV7KHSUHVHQFHRIWKHRQO\EXLOGLQJGHWHUPLQHVDORZHUYDOXHWKDQWKHYDOXH
REWDLQHGE\WKHIUHHILHOGFRQILJXUDWLRQ$VLPLODUUHVXOWKDVEHHQREWDLQHGIRUWKHFRQILJXUDWLRQZLWKRQO\WKHWXQQHO
REWDLQLQJDYDOXHRIWKH5D DWVRLOVXUIDFHDQGDGHDPSOLILFDWLRQIURP&WR%HTXDOWR5D 
7KXVWKHWXQQHOKDVDEHQHILFLDOHIIHFWRQWKHVHLVPLFUHVSRQVH7KHEHQHILFLDOHIIHFWRIWKHXQGHUJURXQGVWUXFWXUH
LVFDXVHGE\WKHSUHVHQFHRIWKHHPSW\VSDFHLQZKLFKWKHVHLVPLFZDYHVFDQ¶WSURSDJDWH&RQVLGHULQJWKHVHLVPLF
EHKDYLRXU RI WKH ZKROH VRLOWXQQHODERYHJURXQG VWUXFWXUH V\VWHP D IXUWKHU UHGXFWLRQ RI WKH VHLVPLF LQSXW IURP
EHGURFNWRJURXQGOHYHO5D 
)LJXUHEVKRZVWKHDPSOLILFDWLRQUDWLRV5DDWWKHJURXQGOHYHOIRUWKHZKROHVRLOWXQQHODERYHJURXQGVWUXFWXUH
V\VWHPXVLQJDOOWKHVHYHQV\QWKHWLFDFFHOHURJUDPVVHH6HFWLRQ7KHYDOXHVRIDPSOLILFDWLRQUDWLRVREWDLQHGYDU\
EHWZHHQDQGZKLFKDUHVLJQLILFDQWO\JUHDWHUWKDQWKDWRQHHYDOXDWHGDFFRUGLQJWR17&>@IRUVRLO
W\SH&HTXDOWR
,W¶VREYLRXVDVLJQLILFDQWXQGHUHVWLPDWLRQRIWKHDPSOLILFDWLRQE\WKHWHFKQLFDOFRGH)LJXUHFVKRZVWKHUDWLRV
EHWZHHQWKHLQSXWILUVWIUHTXHQF\DQGWKHVRLOIUHTXHQF\IRUWKHFRQILJXUDWLRQVDQDO\]HG,QSDUWLFXODUWKHYDOXHV
EHWZHHQDQGEOXHOLQHDUHUDWLRVWKDWLQGLFDWHVWKHIUHTXHQFLHVIRUZKLFKDUHVRQDQFHSKHQRPHQRQLVSRVVLEOH
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7KLVLVFRQILUPHGIRUWKH$FFWKDWLVFKDFWHUL]HGE\DUDWLRHTXDOWRZKLFKE\EHLQJZLWKLQWKHSUREDEOHUHVRQDQFH
EDQGVKRZVWKHKLJKHVW5DYDOXH


)LJ D 7KH FDVHKLVWRU\ VHLVPLF UHVSRQVH DPSOLILFDWLRQ UDWLR SURILOHV ,QSXW DFFHOHURJUDP1R  E 7KH FDVHKLVWRU\ VHLVPLF UHVSRQVH
DPSOLILFDWLRQUDWLRDOOLQSXWDFFHOHURJUDPVF3UREDEOHUHVRQDQFHRFFXUUHQFHLQYHVWLJDWLRQ
)LJXUH  VKRZV WKH G\QDPLF EHQGLQJPRPHQW0 DORQJ WKH SHULPHWHU RI WKH WXQQHO OLQLQJ XVLQJ DOO WKH VHYHQ
DFFHOHURJUDPV DQG WKH IXOOFRXSOHG FRQILJXUDWLRQ ,Q SDUWLFXODU WKLV ILJXUH VKRZV WKH FRPSDULVRQ EHWZHHQ WKH
QXPHULFDO UHVXOWV XVLQJ D QRVOLS FRQGLWLRQV DQG WKH UHVXOWV REWDLQHG WKURXJK WKH DQDO\WLFDO IXOOVOLS DQG QRVOLS
VROXWLRQVSURSRVHGE\:DQJ>@DQGWKRVHREWDLQHGWKURXJKDQDO\WLFDOQRVOLSFRQGLWLRQVSURSRVHGE\3HQ]LHQ>@
7KHQXPHULFDO UHVXOWVDJUHHTXLWHZHOOZLWK WKHDQDO\WLFDORQHV DOWKRXJK WKHDQDO\WLFDO VROXWLRQVFRQFHUQFLUFXODU
WXQQHOVZKLOHWKHDQDO\]HGWXQQHOKDVDKRUVHVKRHVHFWLRQ


)LJ'\QDPLFEHQGLQJPRPHQWDORQJWKHSHULPHWHURIWKHWXQQHO
&RQFOXVLRQV
7KLVSDSHUGHDOVZLWKWKHDQDO\VLVRIWKHVHLVPLFEHKDYLRXURIWKHWXQQHOVRLODERYHJURXQGVWUXFWXUHV\VWHPIXOO
FRXSOHG DQDO\VHV ,Q SDUWLFXODU D FURVV VHFWLRQ UHODWLQJ WR WKH0LOR&LEDOL VHJPHQW EHORQJLQJ WR &DWDQLD ,WDO\
XQGHUJURXQGKDVEHHQDQDO\]HG6HYHQV\QWKHWLFDFFHOHURJUDPVKDYHEHHQDGRSWHGDWWKHEHGURFNDVVXPLQJWKHVRXUFH
WREHDORQJWKH+\EOHDQ0DOWHVHIDXOWLQRUGHUWRUHIHUWRWKHVFHQDULRHDUWKTXDNHWKDWRFFXUUHGLQHDVWHUQ6LFLO\LQ
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5HVXOWVKDYHEHHQSUHVHQWHGLQWHUPVRIDPSOLILFDWLRQUDWLRVDQGIUHTXHQF\FRQWHQWDVZHOODVG\QDPLFEHQGLQJ
PRPHQWVLQWKHWXQQHO
7KHSUHVHQFHRIWKHWXQQHORQO\LQWKHVRLOGHSRVLWFDXVHVDGHDPSOLILFDWLRQDFURVVWKHWXQQHODQGLQWXUQDUHGXFWLRQ
LQWKHDPSOLILFDWLRQUDWLR5DIURPWKHEHGURFNWRWKHVRLOVXUIDFH6RWKHWXQQHOKDVDEHQHILFLDOHIIHFWRQWKHXUEDQ
DUHD $OVR WKH SUHVHQFH RI RQO\ WKH EXLOGLQJ FDXVHV D UHGXFWLRQ LQ 5D FRPSDUHG ZLWK WKH IUHHILHOG FRQGLWLRQV
UHSUHVHQWLQJ WKHEXLOGLQJ DQ LPSRUWDQW VXUFKDUJH7KH FRPELQHGSUHVHQFHRI WKH WXQQHO DQG WKHEXLOGLQJ FDXVHV D
IXUWKHUUHGXFWLRQLQ5DDWWKHVRLOVXUIDFHFRPSDUHGZLWKWKHSUHYLRXVFDVHV,WVKRXOGEHQRWHGWKDWLQDQ\FDVH5DLV
VLJQLILFDQWO\JUHDWHUWKDQWKDWRQHHYDOXDWHGDFFRUGLQJWR17&EXWORZHUWKDQWKDWRQHHYDOXDWHGLQFRPPRQO\
SHUIRUPHGIUHHILHOGFRQGLWLRQV7KLVUHVXOWVKRZVFOHDUO\WKHLPSRUWDQFHRIIXOOFRXSOHGDQDO\VLVXSWRWKHLQYHVWLJDWHG
WXQQHOGHSWK
$VUHJDUGVWKHVHLVPLFEHQGLQJPRPHQWVLQWKHWXQQHOOLQLQJ WKHFRPSDULVRQEHWZHHQQXPHULFDODQGDQDO\WLFDO
UHVXOWVLVFHUWDLQO\YHU\VDWLVIDFWRU\DERYHDOOFRQVLGHULQJWKDWWKHDQDO\WLFDOVROXWLRQV>@DUHIRUFLUFXODUWXQQHOV
ZKLOHWKHWXQQHOXQGHULQYHVWLJDWLRQKDVD³KRUVHVKRHVHFWLRQ´
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